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R esearch described in a recentissue of PNAS by Wismer Fries,Ziegler, Kurian, Jacoris, andPollak (1) reveals significant
group differences in two brain-derived
neuropeptides, oxytocin and vasopressin,
between family- versus orphanage-reared
children. These intriguing results may
stimulate a new chapter in the ongoing
scientific dialogue concerning the neuro-
biological effects of early experience.
Fascination with the developmental
effects of social deprivation is not new.
Consider Romulus and Remus, the leg-
endary founders of Rome who were
purportedly nursed by a shewolf; or
Kasper Hauser, a mysterious 19th cen-
tury German boy, believed to have
been isolated from human contact
from early childhood. Modern interest
in the impact of maternal separation or
neglect on human behavior can be
traced to two proteges of Sigmund
Freud, Rene Spitz and John Bowlby
(2, 3), who described children reared in
orphanages or by inconsistent caregiv-
ers as at risk for emotional and social
disorders. Behavioral studies, including
research in nonhuman primates, have
documented vulnerabilities in socially
deprived infants (4–6). From birth on-
ward, social interactions are essential
for normal development. In all human
cultures, including nonhuman animals,
we find mechanisms for transmitting
social experiences from one generation
to the next. These experiences may in
turn alter future behavior.
Attempts to study the neuroendo-
crine consequences of early experience
have tended to focus on changes in the
hypothalamic–pituitary–adrenal (HPA)
axis (7, 8). However, adrenal hormones
are at best indirect measures of what is
happening in the nervous system.
In the Fries et al. study (1), some
children in both groups had oxytocin
and vasopressin in the normal range,
and some had low levels of these pep-
tides. However, a significant propor-
tion of the orphanage-reared children
exhibited very low levels of peptides. It
is important to note that it is too early
in our understanding of human neu-
roendocrinology to conclude that the
differences seen here were causally re-
lated to behavior. For example, it is
possible that differences in oxytocin
and vasopressin levels ref lect metabolic
differences between children in the two
groups. However, at least for oxytocin,
the absence of basal differences in this
study suggests that this is unlikely.
In Fries et al. (1), oxytocin and vaso-
pressin were measured in urine. In
theory, these peptides might have origi-
nated in tissues other than the brain.
However, most of the body’s oxytocin
and vasopressin is produced in the hypo-
thalamus. In this case, the bladder
serves as a convenient and accessible
reservoir for centrally produced pep-
tides. The current finding is particularly
compelling, because the previously
orphaned children had lived in good
homes for an average of nearly 3 years
and were tested under apparently com-
parable conditions.
Fries et al. (1) argue, based primarily
on studies in other species, that their
findings are relevant for understanding
the chemistry of human social bonds.
Although social bonds and attachments
are hypothetical constructs and remain
poorly understood, there is no doubt
that the physical consequences of social
bonds, and especially of their absence,
can be real. Although the behavioral
patterns of the children in this study
were not reported, studies done in
other, presumably comparable, popula-
tions suggest that some, but not all,
adopted children may have problems in
social relationships, as well as with emo-
tional regulation (6, 8). Within the life-
span of a single individual, ontogenetic
and epigenetic processes, including
learning and different forms of cognitive
and affective experience, result in varia-
tion among individuals. Of particular
importance in children orphaned in
early life are the age of the child at
adoption and the consistency of care-
takers. Humans are believed to have
evolved as cooperative breeders, under
conditions in which caretakers, in addi-
tion to the biological mother, were com-
mon (5). But even the resilient and
highly flexible human infant needs
some social predictability and support
to prosper.
The capacity to form social bonds is
not limited to humans (9, 10). The
mechanisms underlying social bonds
are ancient and are based on neural
circuitry and endocrine processes
rooted deep in mammalian evolution
(5). Difficulties with emotional regula-
tion or the management of reactions to
stressors also may be associated with
atypical rearing experiences (7, 8, 11).
Oxytocin and vasopressin are only
two components of broader neural and
endocrine systems. However, animal
research suggests that these are in fact
powerful peptides, with unusually broad
consequences for physiology and behav-
ior. Studies in socially monogamous
mammals, such as prairie voles, have
implicated both oxytocin and vasopres-
sin in the formation of social bonds,
including research using behavioral,
physiological, and molecular methodolo-
gies (12, 13). These same peptides also
play a developmental role in the regula-
tion of the HPA axis and could directly
or indirectly influence emotionality or
social behaviors (14). Oxytocin, in par-
ticular, is capable of down-regulating the
HPA axis, and this effect applies to both
rodents and humans (9, 15, 16). Oxyto-
cin and vasopressin also regulate the
autonomic nervous system (17). There is
even recent evidence that oxytocin can
increase the capacity of individuals to
show trust (18).
If availability of either oxytocin or
vasopressin is abnormally low, this might
plausibly be associated with a reduced
capacity to form social bonds and to
manage stressful experiences (9). The
release of oxytocin and vasopressin and
the effects of these peptides on other
neural systems are sensitive to the social
and endocrine history of the individual
(14). Physical states and reactions of the
body, including the status of the central
and autonomic nervous system, can in-
fluence the readiness of an individual
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Ontogenetic and
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to engage in social behaviors, form so-
cial bonds, and regulate reactivity to
social and physical challenges (17). It is
possible that atypical social behaviors or
a reduced capacity to manage emotional
experiences, and even unusually low lev-
els of oxytocin and vasopressin, are re-
lated to disturbances in neuroendocrine
systems. However, the group differences
reported here also may reflect differ-
ences in the capacity of orphaned chil-
dren to react to novel experiences, such
as the presence of a stranger in the
home or being the subject of an experi-
ment. These studies reinforce the notion
that children with a history of neglect
face special challenges and need extra
support. Clearly, further research is
needed relating individual differences in
peptides to differences in behavior,
along with a deeper understanding
of the behavioral reactivity of at-risk
children.
As with most aspects of human biol-
ogy, neuropeptides are not destiny.
However, documentation of differences,
such as those reported by Fries et al.
(1), moves us one step closer to recog-
nizing the biological substrates underly-
ing human behavior.
1. Wismer Fries, A. B., Ziegler, T. E., Kurian, J. R.,
Jacoris, S. & Pollak, S. D. (2005) Proc. Natl. Acad.
Sci. USA 102, 17237–17240.
2. Spitz, R. (1945) Psychoanal. Study Child 1,
53–75.
3. Bowlby, J. (1969) Attachment and Loss (Basic,
New York), Vol. 1.
4. Harlow, H. F. (1959) Sci. Am. 200, 68–74.
5. Hrdy, S. B. (1999) Mother Nature: A History of
Mothers, Infants, and Natural Selection (Pantheon,
New York).
6. O’Conner, T. G. & Rutter, M. (2000) J. Am. Acad.
Child Adol. Psychiat. 39, 703–712.
7. Levine, S. (2001) Physiol. Behav. 73, 255–260.
8. Gunnar, M. R., Carter, C. S., Ahnert, L., Gross-
mann, K. E., Hrdy, S. B., Lamb, M. E., Porges, S. W.
& Sachser, N., eds. (2005) in Attachment and Bond-
ing: A New Synthesis (MIT Press, Cambridge, MA),
pp. 245–255.
9. Carter, C. S. (1998) Psychoneuroendocrinology 23,
779–818.
10. Carter, C. S., Ahnert, L., Grossmann, K. E., Hrdy,
S. B., Lamb, M. E., Porges, S. W. & Sachser, N.,
eds. (2005) Attachment and Bonding: A New Syn-
thesis (MIT Press, Cambridge, MA).
11. Teicher, M. H., Andersen, S. L., Polcari, A.,
Anderson, C. M., Navlta, C. P. & Kim, D. M.
(2003) Neurosci. Biobehav. Rev. 27, 33–44.
12. Cho, M. M., DeVries, A. C., Williams, J. R. &
Carter, C. S. (1999) Behav. Neurosci. 113, 1071–
1080.
13. Hammock, E. A. & Young, L. J. (2005) Science
308, 1630–1634.
14. Carter, C. S. (2003) Physiol. Behav. 79, 383–397.
15. Neumann, I. D. (2003) Depress. Anxiety 17, 111–
121.
16. Heinrichs, M., Baumgartner, T., Kirschbaum, C.
& Ehlert, U. (2003) Biol. Psychiat. 54, 1389–1398.
17. Porges, S. W. (2003) Physiol. Behav. 79, 503–513.
18. Kosfeld, M., Heinrichs, M., Zak, P. J., Fisch-
bacher, U. & Fehr, E. (2005) Nature 435, 673–
676.
18248 " www.pnas.org!cgi!doi!10.1073!pnas.0509376102 Carter
